Background: Working in the healthcare industry has its effects on the female workers fecundity. Disorders of reproduction is listed as one of the top ten leading work-related diseases and injuries. The objective of this study is to observe the occurrences of adverse pregnancy outcomes among female healthcare workers in relation to their work schedules and identify the most frequent adverse pregnancy outcome. Methods: A cross-sectional study was carried out obtaining pregnancy history and work schedule in the past three years. In the present study 469 respondents were obtained; 339 healthcare and 130 non-healthcare workers reporting a total of 564 pregnancies. Results: In this study, adverse pregnancy outcomes among female healthcare workers is significantly higher than non-healthcare workers. There is no significant findings between healthcare and non-healthcare workers with respect to the types of adverse pregnancy outcomes and the work schedule. However, from the respondents' lifetime pregnancy outcome, it is found that complete miscarriage occurred most frequently at 26.7% and among healthcare workers who work on shift. Conclusion: Healthcare workers carry a higher risk to experience adverse pregnancy outcome with complete miscarriage being the most common and most of these experiences occurs among those who work on shift/on-call.
INTRODUCTION
Pregnancy is a natural phenomenon and process which ensures the continuation of the human species. Hence, females are given more health considerations and care, with tailored, and some specific, programs just to ensure their good health. The occupational health regulations do have sections concerning the safety of pregnant women. But it is not as extensive and tailored specifically for women. Nevertheless, the number of women entering the workforce is increasing in all sectors (Burdorf et al., 2006) . This is due to improved educational levels and development for women, making them more independent and in carrying out roles, duties, jobs usually reserved by men. Women are now, are just as exposed to the hazards in working environment as men (Figà-Talamanca, 2006) . These hazards poses a risk into their fecundity. Stressors from the working environment have effects on their reproductive capability.
The National Institute for Occupational Safety and Health (NIOSH) lists disorders of reproduction as one of the top ten leading work-related diseases and injuries (Figà-Talamanca, 2006; Yamada, 1986; CDC, 1989 ). However, currently there is no surveillance for such disorders of reproduction in Malaysia. The types of disorders of reproduction classified, is not specified under NIOSH. However, the common ones reported in literature are; complete miscarriage, threatened miscarriage, prematurity, low birth weight and hypertensive disorders in pregnancy (CDC, 1989) .
Healthcare is considered as one of the professions that is highly stressful due to its work nature. It carries a large responsibility simply because it deals with human lives hence it is attempted to ensure that there is close to no margin of error (Familoni, 2008) . In addition, the long and odd working hours also contributes to the stress. The majority of healthcare workers are females as the large nursing section is dominated by them. This paper is to study the effects of working hours in relation to pregnancy outcomes experienced by the female healthcare staff in comparison to non-healthcare staff.
In general, the work schedule of healthcare workers in Malaysia is divided into 3 systems. One is the on-call system usually practiced by medical officers who actively work on station. The typical on-call working hours totals up to 32 hours straight. The number of times per week or month of on-call done depends on the needs of the particular department. It is common to find staff working on more than two on-calls per week. This brings the total number of working hours per week more than the stipulated 48 hours (Malaysia Employment Act, 1955) . This practice is not deliberate but is a need based on the workload and demands to ensure an effective functioning healthcare delivery.
The second system is the shift system. In this system, the staff rotates their schedule between three shifts. The morning and evening shift are 7 hours and the night shift is 10 hours. These shift systems are usually carried out by the support staff including nurses. They normally would get a day or two off keeping with the 48 hours per week regulation. Following this normal rotation on average, the staff would work 45 hours per week. This rotational order is also found being practiced in the United Kingdom (Ball et al., 2014) . The normal working hours or also called office hours is over 8 hours. This is usually practiced by health administrators, allied health and other auxiliary medical staff. These group of staff work 5 days a week from Monday to Friday with the weekends off. They work a total of 45 hours a week.
The objective of this study is to observe the occurrences of adverse pregnancy outcomes among female healthcare workers in relation to their work schedules in Kuching, Sarawak and identify the most frequent adverse pregnancy outcome.
METHODOLOGY
A cross-sectional study was carried out. The questionnaire elicits information of the respondents' demography, history of each pregnancy experienced and their concurrent work history for the past three years. The pregnancy history includes all pregnancies up to the age of 35. Hence, the respondent's maximum age includes those up to the age of 38, for their pregnancy if at the age of 35 years is accounted. In addition, the most frequent adverse pregnancy outcome experienced is denoted as their lifetime pregnancy outcome. The most frequent work schedule they worked in is denoted as their lifetime work schedule. Information about their smoking, alcohol, substance abuse and existing comorbid was also obtained. Those respondents with history of self-abortion, medically indicated abortion, with twins, had ectopic pregnancy and part time workers were excluded. Females who had more than three miscarriages were also excluded.
Sample size was calculated based on proportionate sampling from the female population in the healthcare institution. The proportion was based on the Sarawak state crude birth rate which is 16.3 per 1000 population. The healthcare institution had 3023 female healthcare workers. Sample size obtained is 197 pregnancy cases. This sample size was replicated for the comparison group hence 197 pregnancies was obtained from an educational institution.
The healthcare workers were from the only tertiary healthcare centre in Sarawak, Malaysia, which would best represents the working environment for them. The respondents were universally sampled based on a vetted name list according to a set inclusion and exclusion criteria. The number of non-healthcare workers working in the tertiary healthcare centre were too few to produce a statistical analysis hence as a comparison group they were instead obtained from an educational institution about 20km away which is representing a different working environment.
Ethical clearance was obtained from the Malaysian Research Ethics Committee which oversees all research conducted in the Ministry of Health and from University Malaysia Sarawak Medical Faculty Ethics
Committee that allows research among the community (educational institution).
RESULTS
The average age (standard deviation) of the respondents is 31.9 (3.4) years. Minimum age is 23 years and maximum are 38 years (maximum age was capped at 38 years following the inclusion exclusion criteria). The average age (SD) of pregnancy among all the respondents is 30.2 (3.3) years. The minimum age is 21 and the maximum is 35 years (maximum age was capped at 35 years following the inclusion exclusion criteria). There is a statistically significant difference (p<0.05) in the mean age between healthcare and nonhealthcare workers in respondent age group but not with the age of pregnancy (Table 1) .
Majority of healthcare workers are Malays (130) followed by other ethnicities like Bidayuh and Chinese similarly among the non-healthcare workers. Nurses made up the bulk of the healthcare group followed by support staff and doctors. Following the occupation of the respondents the education level of the majority is at diploma level while the rest with degrees and only 23 with Malaysian Exam Certificate. Likewise, the income too follows the majority of the respondents with many of them earning between RM2000 to 5000. Among the healthcare workers, 266 of them had a single pregnancy reported in the past 3 years and 73 more than two. For the non-healthcare workers 112 had single pregnancy experiences and 18 more than two. (Table 1) The different work schedule applies to the healthcare workers only in this study. All nonhealthcare workers (130) works office hours only. Hundred and five healthcare workers who responded work office hours, 196 shift and 38 were on-call. The different working schedule between these groups were significant [χ2(df)=0.0001 (2), p<0.001)]. (Table 1) A total of 564 pregnancies were reported from the 469 respondents. Four hundred and sixteen (73.8%) from healthcare workers and 148 (26.2%) pregnancies among non-healthcare workers. From this, 136 pregnancies had experienced adverse pregnancy events; 113 were among healthcare workers and 23 were among non-healthcare workers. This difference is significant [χ2(df)=0.033 (2), p<0.05)]. Similarly, the lifetime adverse pregnancy outcome of respondents stood at 98 among healthcare workers and 22 among non-healthcare workers and this difference too is significant [χ2(df)=0.008 (2), p<0.01)] .
Characteristics
Healthcare Staff, n (%) Complete miscarriage is the most commonly reported adverse pregnancy outcome with a total of 32lifetime adverse experienced of pregnancy outcome of respondents were reported. Followed by others at 26, low birth weight at 25 and hypertensive disorders in pregnancy at 24 experiences. Healthcare workers experienced complete miscarriage (35 events) more compared to non-healthcare (five events) workers who experienced more of hypertensive disorders in pregnancy (8 events) ( Table 1) .
The lifetime work schedule (most common work schedule for those who worked in the past three years) shift/on-call among healthcare workers had 71 (72.3%) reports of adverse pregnancy outcomes however this difference is not significant. Complete miscarriage also commonly occurred the most among healthcare workers working shift/on-call with 19 reports (Table 2) . All the respondents denied consuming alcohol, having no history of substance abuse and denied smoking. Eleven healthcare staff reported to have some illnesses such as asthma, thyroid disorders, essential hypertension and others. Six non-healthcare staff reported similar illnesses. Nevertheless, these factors were not confounding.
A multiple logistic regression analysis was carried out to determine which factors mostly influence experiencing of adverse pregnancy outcomes among the respondents. All the statistically significant variables from bivariate analysis were included in the model and entered together. The model contained job category, age, education, race, and income. Results as shown in Table 4 presents the job category and age as the strongest and statistically significant influencer to experience adverse pregnancy outcomes. Healthcare workers have the odds of 2.12 in having adverse pregnancy outcomes than non-healthcare workers. Age group 30 to 38 of the respondents have the odds of 1.71 in having adverse pregnancy outcomes than nonhealthcare workers (Table 4 ). 
DISCUSSION
There are reports whereby 23% of working women suffered adverse pregnancy outcomes compared to 19.1% among non-working women. In addition, 76.3% of healthcare workers, had suffered at least one adverse pregnancy outcome, compared to 55.9% from nonhealthcare related work ). An observational study over a multitude of articles (Mozurkewich et al., 2000) and a study on nurses concluded that working hours do influence pregnancy outcomes. Tough inconclusive, the balance of evidence is enough to suggest a possible effect (Ball et al., 2014) . Hence the caution on extending the workdays for pregnant women (Harrington, 2001 ) must be followed. In this study, we have managed to reflect the same occurrences.
From the 12% prevalence of all pregnancies in United Kingdom ending up with miscarriage (1 in 8), , an increase of 1.4% of cases of miscarriage per 100 pregnancies occur amongst women working shift system (like the practice here). The prolonged night work as well as rotational shifts effect on miscarriage is postulated due the imbalance in reproductive hormones and melatonin following the loss of the biological circadian rhythm (Davis & Mirick, 2006) . Another two case-control studies found an increased risk of spontaneous abortion for shift work and night work (Eskenazi et al., 1994; Xu et al., 2014) A Korean study reports that miscarriages among working women is 17.2% and among healthcare workers is 18.6%. Among non-working women its only 12.5% . In Malaysia, there is no data on the prevalence of adverse pregnancy outcomes among females from any work place environment. In this study we managed to prove that there is a 2.12 odds ratio of experiencing an adverse outcome compared to the nonhealthcare workers. Furthermore, the most common adverse pregnancy outcome is miscarriage, similar to the rest of the studies. However, this study could not prove that shift work and on-call work schedule have a significant effect on pregnancy outcome. However, by count, there were more reported cases of adverse outcomes during the shift and on-call work. In addition, miscarriage was the most common.
Two studies had suggested that shift work during pregnancy carries an increased risk of pre-eclampsia (Wergeland & Strand, 1997; Gabbe et al., 2003) . But another study suggested that it did not have any effect (Nurminen, 1989) . Most studies did not manage to gather enough cases to come to a significant conclusion . However, the mothers who suffered these disorders had psychosocial stress and heavy workload as a risk factor instead. The occurrences of hypertension in pregnancy was more positively related to psychosocial stress (Marcoux et al., 1999; Landsbergis & Hatch, 1996) . Nevertheless, rotational shift work can bring about disturb sleep cycles leading to stress that could lead to adverse pregnancy outcome. In this study the hypertensive disorders of pregnancy were cumulated together, and it showed second highest adverse outcome among the healthcare workers and more often occurring among those working shift and oncall. This was however, the highly reported among the non-healthcare workers too. The cumulative stress differs among healthcare and non-healthcare workers hence like literature. There is possible deduction that the adverse pregnancy outcome among healthcare workers are more towards foetal related disorders alone rather than both or exclusive mother related.
According to the Royal College of Physicians, Faculty of Occupational Medicine on average, 6.7% of pregnant women (1 in 15) have a preterm delivery whether or not they work in shifts. This average increases by 0.3 for every 100 births among shift works (Royal College of Physicians n.d.). About 12% of those working under the Human Health and Social Activities category as reported in a Korean paper had premature delivery A systemic review paper reports that among the high exposure group generally being women who had worked for at least 40 hours per week in the first two trimesters of pregnancy and those who worked on shifting duties had a higher relative risk from 0.59 to 2.0. With many evidence concurring shifts, such works has a higher relative risk for prematurity. There is also a report which concluded that regular evening or night work may be a risk factor for preterm birth (McDonald et al., 1988) . In this study, premature abortion also occurred mostly during shift work although overall it only was 7.1% of the total adverse cases among healthcare workers. Instead, it was the least reported among non-healthcare workers with only two cases.
Findings on birth weight in relation to working hours on two meta-analysis papers points to limited impact on foetal growth McDonald et al., 1988) . However, there is one metaanalysis paper which report the combined risk estimate was 1.27 (95% CI 0.93-1.74, test for heterogeneity p=0.39) for low birth weight (Matteo et al., 2011) . One study did a randomized sampling on 1272 pregnant women, found that the longer the working hours during pregnancy increased the risk of low birth weight. Another study on 22 761 pregnant women, reported that working hours more than 46 hours per week could lead to low birth weight (McDonald et al., 1988) . Working for 51 to 60 hours per week showed a significant relation to low birth weight (Aminian et al., 2014) . With refuting claims to the meta-analysis papers, low weight is the third common adverse pregnancy outcome reported in literature. In this study, low birth weight cases occurred mostly during shift work and it is 11.2% of the total adverse outcomes reported. Only three cases were reported among non-healthcare workers.
This study found that other adverse pregnancy outcomes were high in occurrence. This other adverse pregnancy outcomes mainly include GDM and anaemia in pregnancy. Further study on nutritional intake among pregnant healthcare workers are needed to investigate this risk occurrences.
This study had some limitation in obtaining a larger sample size restricted by the number of pregnant mothers in both the institutions studied. Furthermore, due to the unavailability of readied data of mother's work history from available databases and study time limit constraint, the results cannot be generalised. Nevertheless, the result did reflect the common incidence of adverse pregnancy outcome among healthcare workers and for those working in shifts in accordance with literature. With this study outcome, its replication for further studies may result in exploring the incidence of adverse pregnancy outcomes in different work environments. Since, there is no surveillance or data concerning the relationship between work and pregnancy outcome, it is hopeful that the replication of this study can result with the prevalence also. Other studies (Berkowitz et al., 1990) have recommended having a surveillance for pregnant women as disorders of reproduction is one of the leading work-related diseases and injuries (Yamada, 1986) . We also recommend that pregnant mothers to be placed on office hour work schedule and in departments which have less demand for physical involvement duties.
CONCLUSION
Adverse pregnancy outcomes among female healthcare workers is significantly higher than nonhealthcare workers in this study. Similarly, it has confirmed that with increasing age the risk of experiencing an adverse pregnancy outcome increases.
Shift work reported the greatest number of adverse pregnancy outcome among healthcare workers. There is however no significant difference between adverse pregnancy outcomes and work schedule according to this study among the healthcare workers.
Complete miscarriage is the most frequently occurring adverse pregnancy outcome followed by low birth weight, hypertensive disorders in pregnancy and other adverse pregnancy outcomes among all respondents. However, among healthcare workers the most common adverse pregnancy outcome is complete miscarriage, followed by low birth weights and others, then hypertensive disorders in pregnancy.
This study however, has only partly concurred with literature's general sentiment whereby healthcare workers do carry a higher risk in developing adverse pregnancy outcome (statistically significant in this study) with shift work, workers being even more susceptible (despite not being statistically significant).
This study however could not proof the statistical significance between the work schedule and adverse pregnancy outcome due to its limitations.
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